. The passage order shown by Sharpshinned and Cooper' s Hawks differs from that predicted by some prominent theories of differential migration, such as the social dominance (Gauthreaux 1982) and body size hypotheses (Kerlinger 1989), thus requiring the examination of other hypotheses. Temporal separation of age-sex classes during migration may arise from differences in onset or rate of migration among age-sex classes (Woodrey and Chandler 1997). We have found no literature describing age-sex class differences in onset or rate of migration for Sharp-shinned or Cooper' s Hawks. Therefore, it is still unclear which process causes timing differences in these species.
Woodrey and Chandler (1997) suggested that comparing the magnitude of differential migration timing between species might create opportunities for examining hypotheses that explain this phenomenon. We follow their suggestion and compare the magnitude of differential migration shown by Sharp-shinned and Cooper' s Hawks and discuss possible explanations for differential migration timing by age and sex for these two species. We used banding data instead of count data because of the difficulty of reliably discriminating the sex of accipiters in flight. Birds may differ by age and sex in their susceptibility to capture, indicating that, for each age-sex cohort, the captured sample may not reflect a constant proportion of the flight. However, potential biases introduced by using banding dam should only affect the magnitude of the sample and should be random with respect to the date of capture. Thus, banding data should be valid when used in studies of migration seasonality.
DATA ANALYSIS
We compiled data collected at both sites from 1992 through 1996. We conducted site-specific analyses with SYSTAT (SPSS Inc. 1997), using 4-way factorial analysis of variance (ANOVA) to determine the effect of species, age, sex, and year on passage date. We deemed a difference in the magnitude of differential migration shown by Sharp-shinned and Cooper' s Hawks significant if species-by-age or species-by-sex interaction terms were significant (P 5 0.05). To understand the nature of significant differences in the magnitude of Sharp-shinned and Cooper' s Hawk differential migration, we looked at the least square mean capture dates for each age-sex class. We compared Sharp-shinned and Cooper' s Hawks by the number of days (averaged over the five years of the study) separating the mean passage dates of each age-sex class.
RESULTS
Mean capture dates indicate that both species at both sites showed differential migration timing, and that age-sex classes passed the sites as follows: juvenile females, juvenile males, adult females, adult males (Table 1) . This is the same sequence reported bv Rosenfield and Evans (1980) for Sharp-shinned Hawks and bv Hoffman (1985) for Coooer' s Hawks. However. juvenile male Cooper' s Hawks passed through both sites only one day ahead of adult female Cooper' s Hawks (Table 1) .
Analysis of variance revealed that passage date differed significantly (P < 0.05) by species, age, sex, and year in both the Manzanos and the Goshutes. At both sites, as indicated by least square means, Sharpshinned Hawks came through later than Cooper' s Hawks, adults flew later than juveniles, and males flew later than females. Species-by-age interactions were significant at both sites (Manzanos, F,*,, = 146.9, P < 0.001; Goshutes, F, ,%a, = 844.6, P < 0.001). The number of days separating mean passage dates of juveniles and adults was greater in Sharp-shinned than in Coopers Hawks (Fig. 1A) . The species-by-sex interaction was significant only in the Manzanos (F,,ds,,,, = 4.1, P < 0.05), where the number of days separating adult males and adult females was greater for Sharpshinned Hawks than for Cooper' s Hawks. Otherwise, the number of days separating mean passage dates of males and females was similar between species (Fig.  1B) . The significant species-by-year, age-by-year, and sex-by-year interactions indicate that throughout the five years of the study, the separations of species, ages, and sexes varied in magnitude (except that sex separation in the Manzanos did not vary by year). The ageby-sex interaction was significant in the Goshutes only, where separation of sexes overall was slightly greater for adults than juveniles (F, ,508, = 19, P < 0.001).
Only two 3-way interactions were significant, both in the Goshutes. The species-by-age-by-year (F,,,,,,, = 8.0, P < 0.001) and age-by-sex-by-year (F4,,50x, = 5.0, P = 0.001) interactions indicate that the way passage dates of age classes depended on species and sex varied by year. Examination of the least square means showed that the general pattern of the species-by-age and age-by-sex interactions held true and that only minor variations in passage date existed between years. The species-by-sex-by-year interaction was nearly significant, indicating that male and female Cooper' s Hawks (summed over both age classes) may have preceded male and female Sharp-shinned Hawks to differing degrees each year.
DISCUSSION
Rosenfield and Evans (1980) proposed that differences in foraging efficiency could explain differences in the onset of migration and the subsequent age-specific differential migration timing in Sharp-shinned Hawks. They suggested that juvenile birds are less efficient hunters than adults because of their inexperience, leading to differences in ability to tolerate declining prey availabilitv in the fall. Therefore. iuvenile birds would be expected to migrate before adults.
Assuming that foraging efficiency differences exist between adults and juveniles, we suggest that there are two reasons why we found that Sharp-shinned Hawks showed a greater magnitude of age-specific differential migration timing than Cooper' s Hawks. First, juvenile and adult Sharp-shinned Hawks are farther apart in their ability to tolerate declining prey abundances than are juvenile and adult Cooper' s Hawk. We suspect that this is not true, given their similar shapes and methods of hunting, but we have no way of evaluating this possibility.
Second, Sharp-shinned Hawks may experience more gradual prey declines than Cooper' s Hawks. Differences in foraging ecology between these species may be important in determining the rate of decline in prey availability. Sharp-shinned Hawks take a higher proportion of birds than Cooper' s Hawks (Johnsgard 1990, Rosenfield and Bielefeldt 1993). Although a large portion of the Sharp-shinned Hawk prey base leaves their breeding range during the fall, there may still be adequate bird prey throughout much of the fall migration period. The presence of nonmigrating, stopping-over, or wintering passerines in the Sharp-shinned Hawk breeding range and along migratory corridors could cause levels of prey to remain adequate for adults long after they became inadequate for juveniles. Although a large portion of the Cooper' s Hawk prey base does not migrate, much of the mammal prey base enters hibernation or becomes buried by snow and leaf litter. Thus, Cooper' s Hawks might experience rapid declines in prey availability when fall sets in. Adult Cooper' s Hawks would thus tend to migrate shortly after juveniles, which was the case in our study.
In the Manzanos only, passage dates of adult males and females were more separated in Sharp-shinned than in Cooper' s Hawks (Fig. 1B) . Otherwise, males and females of both species were separated in migration timing by a comparable number of days. Rosenfield and Evans (1980) suggested that differences in prey choice because of sexual size-dimorphism in Sharp-shinned Hawks could cause differences in departure date and thus sex-specific differential migration timing. Males, at least in some localities, take smaller prey items than females (Snyder and Wiley 1976). Rosenfield and Evans (1980) thus reasoned that the smaller males have greater access to prey because there could be greater biomass in the smaller prey classes than in the larger, allowing males to depart later. This hypothesis rests on the assumption that autumn passerine migration does not affect size-specific abundance of passerines in the fall. On the other hand, females could depart on migration earlier than males if larger passerine prey species initiated migration earlier than smaller species.
An alternative explanation for sex-specific differential migration timing is that females may depart earlier than males because they may finish molting before males (Smallwood 1988, KjellCn 1992). Females are known to initiate molt before males in both Sharp shinned and Cooper' s Hawks (Henny et al 1985) , but it is unclear whether they actually complete the process before males. Both sexes of each species are regularly trapped during migration at the Goshutes and Manzanos with signs of ongoing or interrupted molt (pers. observ.). This observation indicates that neither sex needs to finish molt before initiating migration. However, an analysis of molt completion in accipiters might reveal a relationship between passage date and degree of molt completion. Even if molting influenced onset of migration in adults, however, it could not explain the temporal separation of sexes in non-molting juveniles.
Two alternatives based on the rate of migration seem more plausible. First, the sexes may migrate at different rates. Large birds fly faster than smaller birds (Calder 1984). Using equations that model the mechanics of flapping flight (Pennycuik 1989, 1997), we calculated the maximum range velocity for adult Sharpshined and Cooper' s Hawks. Optimal velocities are predicted to be greater for females than for males in both suecies (Sham-shinned Hawk. 19.0 and 17.5 m set-I, ;espect&elyl Cooper' s Hawk; 22.9 and 21.2 m set-I, respectively). Females may thus progress faster than most males during migration, which would result in earlier passage dates for females at monitoring sites. We might predict that sex-specific differential migration timing at more southerly sites such as the Manzanos would be greater than at northern sites such as the Goshutes, but it is clear that this is not true in our study (Fig. 1B) . However, the Goshutes and Manzanos monitoring sites do not sample the same populations (unpubl. banding data). Looking at such a comparison between two sites that sample the same populations might prove more informative.
Another possible explanation based on rate of travel is that males may spend less time per day in migratory flight than females. Because males are smaller and require more energy for flight and general maintenance than the larger females (Calder 1984), they may need to spend more time hunting per day than females. Such a phenomenon may be operating in tandem with slower flight speeds to cause males to pass through monitoring sites later than females.
Significant annual variation in the passage dates of these species suggests that the factors determining the onset or rate of migration also vary. Factors with significant annual variation, such as weather and prey availability, likely play an important role in determining either the onset or rate of migration in these species. However, it is beyond the scope of this paper to tease apart the relative influence of annual weather and prey abundance patterns on passage date or differential migration of these species. 
